Abies koreana Wilson (A. koreana) is a shrub or broadly pyramidal evergreen tree endemic in the mountainous regions of South Korea. We obtained the essential oil (EO) from alpine needle leaves of A. koreana by the supercritical fluid extraction (SFE) method. EO was analyzed by gas chromatography-mass spectrometry (GC-MS), and 68 compounds were identified constituting 95.66% of the oil. The major components were elemol (11.17%), terpinen-4-ol (9.77%), sabinene (8.86%), 10(15)-cadien-4-ol (7.16%), -terpineol (6.13%), -pinene (6.07%) and -terpinene (4.71%). To investigate the memory-enhancing effects, we conducted a passive avoidance test using a scopolamine (1 mg/kg, ip)-induced amnesia mouse model. A peritoneal injection of EO from A. koreana (100 mg/kg) showed a memory enhancing effect of 72.7% compared with the control. These results suggest that EO of A. koreana may be a useful therapeutic agent against such amnesia-inducing diseases as Alzheimer and vascular dementia.
A multitude of EOs have been extracted from the stems, flowers, leaves and roots of various plant species and they consist mainly of terpenoids, phenylpropanoids/benzenoids, and fatty-acid derivatives making up about 1% of the plant secondary metabolites.
3) Despite the attention of many researchers on practical application, there remain extensive studies to be conducted.
As EOs are volatile, reactive and heat-sensitive compounds, there are many defects in the extraction procedure by traditional methods. Therefore, the low critical temperature and non-polar characteristics of fluids are preferable. The most commonly used supercritical fluid, carbon dioxide, possesses these features and in addition provides a chemically inert, low cost, non-flammable and non-toxic environment for extraction. 4, 5) Abies koreana (A. koreana) is one of the fragrant, alpine, needle leaf trees, endemic to the high mountains in South Korea including Mt. Dukyu, Mt. Chiri and Mt. Halla. 6) A. koreana itself has been reported to have antimicrobacterial and cytotoxic effects. 7, 8) As there have been few studies on the pharmacological effects of A. koreana, we assumed its effects based on the clinical use and pharmacological effects of other species of the plant genus Abies. These species have been used to treat colds, stomach-ache, indigestion, and vascular and pulmonary diseases as folk medicine 9) and have been reported to have antibacterial, antifungal, anti-inflammatory and anti-ulcer effects. [10] [11] [12] [13] Several lignans and triterpenoids have been isolated from the A. koreana plant in previous studies. 14, 15) Although some studies have investigated its chemical composition and biological evaluation, such research has not yet been thoroughly performed.
A passive avoidance test using scopolamine, which is known as an anticholinergic agent, induces a pattern of memory and cognitive deficits in animals and humans, and is one of the most reliable methods for investigating the effect of drugs on learning and memory in amnesia animal models.
16) The conventional and most widely employed parameters are step-through latency. [17] [18] [19] The objective of the present work is to investigate the y To whom correspondence should be addressed. Fax: +82-63-290-1576; E-mail: hoonj6343@hanmail.net Abbreviations: EO, essential oil; GC-MS, gas chromatography-mass spectrometry; SFE, supercritical fluid extraction effects of EO from A. koreana on scopolamine-induced amnesia in mice. For this purpose, we obtained EO from alpine needle leaves of A. koreana by supercritical fluid extraction (SFE) and investigated the memory-enhancing effects on a scopolamine-induced amnesia mouse model by using the passive avoidance test (step through).
Materials and Methods
Preparation of EO from A. koreana. The plant materials were collected from Mt. Dukyu in Muju, South Korea, in November 2004. A voucher specimen (JEO001) has been deposited at Dept. of Oriental Pharmacy, Woosuk University.
EO was extracted from the plant by using supercritical CO 2 under various conditions according to the Taguchi method. 20) An MPS/225 system (Suprex, Pittsburgh, PA, USA) in the SFE mode was used for all extractions. The extraction vessel was an 8-ml stainless steel container. SFE was conducted at pressures of 1600, 1800 and 2000 psi and temperatures of 30, 35 and 40 C for a duration of 20 min (static), followed by 10, 20 or 30 min (dynamic). A Duraflow manual variable restrictor (Suprex) was used in the SFE system to collect the extracted analytes. In order to prevent sample plugging, the supercritical CO 2 flow rate through the Duraflow restrictor was 0.4-0.5 ml/min (compressed). Table 1 shows the experimental conditions for each SFE run.
GC and GC-MS analyses. C and 250 C, respectively. The carrier gas was helium at a flow rate of 1.25 ml/min for both analyses. The chemical constituents of EO were identified by comparing their retention indices to those of C 8 -C 22 nalkanes and their mass spectral fragmentation pattern with that reported in MS libraries (NIST/NBS and Wiley) and with mass spectra from the literature. 21, 22) The components were quantified on the basis of their GC peak areas in the Supelcowax 10 column.
Animals and drug treatment. Male albino mice (ICR, Taconic) weighing 20-25 g were used as study subjects. All procedures were conducted according to the animal welfare guidelines of NIH and the Korean Academy of Medical Science. The animals were housed under controlled temperature (20 AE 2 C) and lighting (07:00-19:00) conditions, with food and water available ad libitum. EO of A. koreana was dissolved in corn oil and injected intraperitoneally in the doses of 10, 30, 100 and 300 mg/kg with a volume of 2.5 ml/kg. Vehicle-treated rats were injected with the same volume of corn oil. Treatment by the drug and vehicle was conducted 30 min before the first trial.
Passive avoidance test. Passive avoidance behavior was evaluated by a step-through method. We used a shuttle box with light and dark rooms separated by a guillotine door. As a training trial, each mouse was placed in the light room with its back against the guillotine door. After 1 min, the door was opened, and then shut again as soon as the animal had transferred to the dark room. The transfer latency time (TLT) was recorded. Those mice which transferred to the dark room within 60 sec were used for further experimentation. After the training trial, we injected scopolamine (1.0 mg/kg), and the first trial was conducted 30 min after this injection. All the procedures were similar to the training trial, except for the administration of a foot shock (80 V for 4 sec) when the subject entered the dark room. The electrical resistance of the mice varied between 100 and 250 k, so each mouse received an electric shock varying between 0.32 and 0.8 mA. No acclimatization time was given after the shock. Twentyfour hours later, the animal was placed in the light room again and TLT was recorded. The maximum observation time was 300 sec. 
Statistical analysis. All measurements are expressed

Results and Discussion
Optimization for the extraction of EO from A. koreana with SFE The first step in SFE of EO was to optimize the operating conditions (especially the pressure and temperature) to obtain efficient extraction of terpenic compounds that are responsible for the aroma and to avoid the co-extraction of such undesired compounds as fatty acids and their esters, etc. Table 1 shows the different SFE conditions for extracting A. koreana according to the Taguchi experimental design. 20) The obtained EOs under the nine SFE conditions were also investigated for their physico-chemical properties (refractive index; n D 21 ). As can be concluded from Table 1 , run 5 involved the best extraction conditions (T ¼ 35 C, pressure ¼ 1;800 psi and dynamic time = 20 min) with a resulting EO yield of 3.92 w/w.
The pressure and temperature are two most important physical parameters in SFE, and the effect of pressure on the composition of extracted EOs at three different levels (1600, 1800, and 2000 psi) was investigated. The results show elemol, terpinene-4-ol, sabinene, 10(15)-cadien-4-ol, -terpineol, -pinene and -terpinene as the main compounds in Eos; increasing the pressure from 1600 to 1800 psi at a constant temperature (35 C) increased the concentrations of -pinene, 10(15)-cadien-4-ol and -terpineol and -terpineol, but increasing the pressure from 1800 to 2000 psi reduced their content (Fig. 1 ). The effect of three different temperatures (30, 35 and 40 C) at constant pressure (1800 psi) on the extraction of EOs from A. koreana by using pure supercritical CO 2 was also investigated. Increasing the temperature from 30 to 40 C at constant pressure increased the concentrations of -pinene, -eudesmol, and -cadiene, but increasing the temperature from 35 to 40 C reduced the concentrations of sabiene and bornyl acetate (Fig. 2) . After considering the total GC peak area of the main components under different conditions of pressure and temperature, the optimum values found for these variables were P ¼ 1800 psi and T ¼ 35 C. The waxes in the plants were mainly n-nonacosane, n-dotriacontane, n-pentatriacontant and n-hexatriacontane, although these waxes were not identified in EO of A. koreana extracted under our conditions (runs 1-9). Such other compounds as fatty acid methyl esters, fatty acids and other high-molecular-weight compounds (more than 300 Da) were not identified either.
The pressure and temperature conditions for run 5 are recommended for EO extraction with SFE, because the solubility of EOs was sufficient under these conditions, whereas the solubility of fatty oils, resins and waxes present in the plant material was negligible. The optimum SFE results were obtained in this study in the experimental conditions used for run 5.
Chemical composition from EO from A. koreana identified by GC and GC-MS analyses
The chemical compounds of EO identified by GC and GC-MS analyses are given in Table 2 . Sixty-eight compounds were identified in the essential oil, representing 95.66% of the total oil. Fourteen monoterpene hydrocarbons (34.30%), twenty-one oxygenated monoterpenes (22.23%), seventeen sesquiterpene hydrocarbons (6.82%), thirteen oxygenated sesquiterpenes (23.88%), and other compounds (8.43%) were tentatively identified. The main compounds with concentrations higher than 3% as the percentage peak area from the GC analysis were elemol (11.17%), terpinen-4-ol (9.77%), sabinene (8.86%), 10(15)-cadien-4-ol (7.16%), -terpineol (6.13%), -pinene (6.07%) and -terpinene (4.71%). 1.3417 to 1.5534, as determined by the D-line of a sodium lamp at 21 C. Variation in the refractive index was observed between each set of SFE conditions. As was the case in Table 1 , run 5 (n D 21 ¼ 1:4813) gave the best extraction conditions. The refractive index of EO depends on the numbers of carbon and double bonds and the presence of ketone or hydroxyl groups. Therefore, the variation in refractive index can provide the basis for simple measurements to discriminate between a pure and mixed oil. This will also illustrate the variation of EO composition between sites, species, and even in individual plants.
Analysis of the physicochemical parameters
Effect of EO from A. koreana on scopolamineinduced amnesia in mice
In the normal group, TLT (mean AE S.E.M) was recorded as 133 AE 31 sec with the second trial, while the scopolamine-treated group showed 37:8 AE 10 sec. This result shows that TLT for scopolamine was decreased by 71.6% and indicates that scopolamine induced a deficit of memory functions by decreasing the central cholinergic neuronal activity (p < 0:01). The group treated with EO from A. koreana exhibited a dose-dependent increase in TLT that was significantly different from that of the scopolamine-treated (control) group. A. koreana showed prolonged TLT and reached its maximal effect at a 100 mg/kg dose. The memoryenhancing effect was 72.7% compared with the control at this dose. However, the 300 mg/kg-treated group did not show any significant improvement.
Studies on amnesia and age-related brain diseases have focused on neurotransmitter systems in the central nervous system (CNS). Cholinergic neurons in CNS are believed to be involved in learning and memory, 23) and many studies have suggested that one major factor in amnesia is a dysfunction in the cholinergic system. Scopolamine, a muscarinic receptor antagonist, induces amnesia by inhibiting this cholinergic activity. A study with human subjects has confirmed this finding, with the result of young scopolamine-treated humans suffering from memory and cognitive deficits being similar to those exhibited by the elderly. 16) The passive avoidance test using the scopolamineinduced amnesia animal model is a reliable experimental method for developing drugs capable of enhancing cognitive performance and memory by increasing the function of the cholinergic system.
EOs have shown various effects, especially on CNS, and it has been proved that they can increase cognitive performance and enhance the memory function in humans. 25) One of the most widely used herbs, rosemary, showed a significant enhancement of performance in the overall quality of memory and secondary memory factors. 26) Moreover, the EOs, -pinene, 1,8-cineole and camphors of Salvia lavandulaefolia have been found to be uncompetitive reversible inhibitors of acetylcholinesterase. 27) These studies have suggested that EOs may useful for treating normal and amnesia patients, such as those with Alzheimers and dementia, who exhibit a deficit in the memory function. Therefore, we hypothesize that EO from A. koreana will show a memoryenhancing effect.
Since EOs are not stable, we extracted EO from A. koreana by SFE, because this method offers considerably more advantages than steam distillation such as a reduced extraction time, minimized degradation of thermolabile components and increased yield of volatile oil. 4, 5, 28) Our results also show that the yield of EO from of A. koreana extracted by the SFE method (3.92%) was 4-5 times higher than that by traditional steam distillation (0.9%; data not shown).
Such parameters as the pressure, temperature and extraction time have an effect on the yield and physicochemical properties, so we performed SFE under different conditions. As a result, the optimum SFE conditions were found to be pressure = 1800 psi, temperature = 35 C and extraction time = 20 min. Sixty-eight compounds, constituting 95.66% of the oil, were identified. The major components were elemol, terpinen-4-ol, sabinene, 10(15)-cadien-4-ol, -terpineol, -pinene and -terpinene. However, the main constituents responsible for the cognitive-enhancing effects of EO from A. koreana have not yet been identified. They seem to be related in part to -pinene which has an acetylcholine esterase inhibitory effect. 27) There has not yet been much research conducted on A. koreana, but we speculate the effect of A. koreana for application to age-related brain diseases to be similar to the anti-inflammatory, hypotensive and anxiolytic effects of other Abies species. 13, 29, 30) An extract of A. pindrow leaves has shown significant anxiolytic effects on all the paradigms of anxiety, 29) while a petroleum ether extract has shown hypotensive effects in rats. 13) A. pindrow and A. webbiana leaves have shown an anti-inflammatory effect on carrageenininduced paw edema in rats. 13, 30) It is well known that drugs showing an anti-inflammatory effect are beneficial in the therapy for Alzheimer and other brain diseases and that those showing a hypotensive effect are beneficial in the therapy for cerebrovascular disease in the elderly. We therefore suggest that A. koreana may ameliorate age-related brain diseases and cerebrovascular diseases. In conclusion, EO from A. koreana could be most efficiently extracted by the SFE method and may be a useful therapeutic agent against amnesia-inducing diseases such as Alzheimer and vascular dementia. After a training trial, we chose mice which entered the dark room within 60 sec. After injecting scopolamine (1 mg/kg), a memory deficit was induced compared with the normal group in a passive avoidance test (step through). An intraperitoneal injection of EO from A. koreana at doses of 10, 30, 100 and 300 mg/kg prolonged the transfer latency time in a dose-dependent manner. Gray bars represent the latency time (sec) of first trial and black bars represent that of second trial. Each presented values is the mean AE S.E.M. The normal group was injected with saline, and the vehicle-treated group with corn oil (2.5 ml/kg, ip). The number of animals was 9 ( ## p < 0:01, Ã p < 0:05 vs. the vehicle-treated group).
